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@ A composition that protects the hair from thermal damage and doubles as an excellent hair styling aid. in the 
form of a hair spray, mousse foam or gel composition, and method of applying the composition to hair prior to 
substantial configuring of the hair in its final configuration. After application of the composition to wet or dry hair, 
prior to styling, the applied composition, including a polymer having a Tg less than about 120*C, is heated to 
the glass transition temperature of the polymer, while the hair is in the desired configuration, and thereafter the 
heat is removed from the polymer to cool It to a temperature below Its glass transition temperature to harden the 
^ polymer in a shape complimentary to that of the desired final hair configuration. The thermoplastic polymer 
^ fixative may include a plurality of sulfonated dicarboxylic acid moieties and/or neutralized sulfonate moietie. The 
CO composition includes a water and/or alcohol carrier, and a water-soluble or alcohol-soluble thermoplastic fixative 
Jj polymer or resin in an amount of at least about 0.1% up to about 20% by weight of the composition, but below a 
level at which adjacent hair shafts are adhered together, and preferably, in an amount in the range of about 0.5% 
^ to about 4% of the composition, particularly about 0.5% to about 3% by weight of the composition. 
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FIELD OF THE INVENTION 

The present invention is directed to an aqueous or alcoholic composition containing a thermoplastic 
polymer that is applied onto hair prior to shaping the hair, to protect th hair against thermal damage, and 

6 to provide a hair styling aid useful in thermo-styling hair in a particular shape or configuration. More 
particularly, the present Invention is directed to a hair composition having water and/or alcohol as a carrier 
material that functions both to protect the hair against thermal damage, and to aid in thermo-styling, 
containing a thermoplastic polymer having a glass transition temperature below about 120' C, preferably in 
the range of about 20'C to about 100'C and that, after application to the hair, can be repeatedly heated 

70 and softened up to at least about 200 without thermal degradation of the hair or of the polymer to form 
the hair in a desired configuration, and the heating removed while the hair is in the desired configuration to 
allow the polymer to harden into a tough film that retains the hair in the desired configuration. After styling, 
the hair can be combed repeatedly while retaining the style since adjacent hairs are not substantially 
adhered together. The polymer can be shampooed out of the hair to avoid polymer build-up. 

75 

BACKGROUND OF THE INVENTION AND PRIOR ART 

Hair that has been exposed to heat from styling appliances, such as curling irons, becomes weakened, 
as indicated by tensile strength testing. Applying a particular polymer on the surface of the hair prior to 

20 exposing the hair to heat, protects the hair from heat's damaging effects, and particularly from loss of 
tensile strength. The polymers become more "rubber-like" at around the temperature that the hair is 
exposed to from a curling iron and thus flow to form a continuous film that "protects" the surface of the 
hair. After the polymer has been applied to the hair, much of the heat's energy is absorbed by the polymer 
coating thereby protecting the hair from damage. 

25 Normal hair can be so fine and limp, and so lacking in body that the hair does not hold a hair set well. 
Furthermore, the hair can become even less bodied and can be weakened further as a result of being 
subjected to chemically active hair treatments, such as permanent waves and tints. Additionally, hair can be 
weakened even further by other contributing factors, such as bleaching by sun exposure and/or chlorinated 
swimming pool water. 

30 Normal hair is usually hydrophobic. However, many of the chemically active hair treatments remove the 
natural hydrophobic components from the hair. As a result, as the hydrophobicity of the hair decreases, the 
relative porosity of the hair increases and the hair tends to absorb water and swell more readily. In such a 
weakened and porous state, the water-swollen hair is more vulnerable to stretching and breaking. 

Hair setting is basically the process of shaping wet hair by the steps of stretching the hair by curling 

35 the hair, fixing the hair in place by drying, then combing to give the finishing touches to provide the desired 
hair style. In particular, the setting of wet hair can be accomplished by making flat curls from strands of hair 
and fixing the curls with hairpins to produce "pin curls". Similarly, the wet hair can be set by using any of a 
variety of rollers or curlers to mechanically fix the hair. In either case, the winding of the wet hair is followed 
by drying, either by ambient air drying, electric drying or hot air drying. 

40 The inherent problem encountered in hair setting is the natural tendency of the hair to return to its 
natural shape. For example, the set hair returns to its natural shape almost immediately if moistened. 
Likewise, high humidity conditions accelerate the tendency of the hair to return to its natural shape. 
Therefore, intensive efforts have been directed toward providing a hair set with sufficient holding power to 
maintain the designed hair style until at least the next shampoo, and, therefore, giving the hair set a degree 

45 of permanency. 

As indicated by the natural tendency of hair to return to its natural shape, hair is an elastic structure. As 
a result, the slight deformations in the hair structure resulting from setting the hair are completely reversible. 
However, the rate of return of the hair to its natural shape is dependent upon the method used to deform, or 
set, the hair. Hair sets performed with wet strands of hair being rolled tightly, either in curls around the 

50 finger or on curlers, followed by drying the hair and unrolling the curlers after drying, corresponds to the 
release of the hair from a deformation-causing load. The deformation, or set, obtained can last for several 
days, but the set will not be retained if the hair is wetted. 

The obs rvations of hair deformation and relaxation ar r lated to physical and chemical changes in the 
protein structure level of hair. Sufficient stretching of the hair causes partial transformation of the a-keratin 

55 protein structur of the hair into th /5-keratin prot in structur of the hair. This structural transformation is 
accompanied by a shift in relative position of the polypeptide chains that is facilitated by wat r moistening 
the hair. The shift in position of th polypeptide chains therefore disrupts the ionic and hydrogen bonds in 
th hair. During the drying proc dur , new ionic and hydrogen bonds are formed that block the r turn to the 
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a-keratin protein structure of hair. Gradually, the new protein linkages give way, under natural forces, such 
that the hair returns to its original stat and length. If the hair Is moistened, the return to the a-keratin form 
is virtually immediate. 

Therefore, inv stigators have sought to delay the combined action of natural forces and moisture that 

5 causes the hair to return to its original state by applying solutions containing naturally-occurring or synthetic 
polymers after the hair is shaped into a desired configuration. When applied to the shaped hair from 
aqueous or aqueous/alcoholic solutions (setting lotions), the polymers leave a film on the hair, after drying, 
to help maintain the hair in the previously shaped configuration. The polymeric film promotes cohesion and 
gives stability to the hair set to maintain the hold of the hair set. The principal objective of a setting lotion Is 

10 to cover the previously styled hair with an invisible polymeric film that will give the styled hair a degree of 
rigidity and protect the hair style against wind and humidity. 

Hair spray products act In a similar manner. The hair spray products are applied to wet and/or dry hair 
and contain a polymer, or mixtures of polymers, that remain fixed on the previously styled hair and affect 
the hair in various ways. For example, a "mechanical" effect is exerted on each individual hair. The film- 

75 forming polymers are used to provide a flexible sheath of polymeric film on the shaped hair after drying 
and, therefore, for mechanical reasons, retard the return of each individual hair to its natural shape. In 
addition, the polymeric film provides an overall stiffening of the hair and the hair strands are welded 
together, and the final hair style has better cohesion, therefore resisting the natural forces that return the 
hair to its natural shape. Finally, the polymeric film protects the hair from humidity. The ability of the 

20 polymeric film to attract and absorb water is preferably minimal, such that the polymeric film retards 
moisture uptake by hair and retards the return of the hair to the o-keratin hair protein structure. 

The general principles of hair setting are thoroughly discussed by C. Zviak. in The Science of Hair 
Care, Marcel Dekker, pp. 149-181 (1986). Zvlak reviews both the polymers used in hair setting products and 
the formulation principles used to produce a hair set product that provides such beneficial hair set 

25 properties as improved hair style hold, easy application and combing, quick drying and non-stickiness, good 
hair body and bounce, increased hair volume and gloss, and hydrophobiclty. It Is evident that in the 
formulation of any end-use hair styling product, some of these benefits must be sacrificed to some degree 
to achieve a competing benefit. Therefore, the formulation of hair set products has proved difficult, and, as a 
result, hair set products have been developed in a variety of product forms. 

30 The prior art reveals that nonionic, cationic and anionic polymers have been used in hair set products, 
with the anionic polymers providing the best hair set results. However, anionic polymers also have 
disadvantages, such as high water solubility and, therefore, low hydrophobiclty, and low substantivity to hair 
fibers, therefore, easy elimination from the hair by combing and brushing. As a result, investigators have 
continued to search for compounds and compositions that provide the primary benefit of an improved 

35 durability of the hair set. As previously mentioned, to overcome some of the inherent disadvantages of the 
polymers utilized to set the hair, hair set products are made available in diversified forms in an attempt to 
minimize the drawbacks of the particular polymer used in the formulation. For example, hair set products 
are available as plasticizing lotions, plasticizing gels, aerosol foams, all-purpose lotions, hair sprays, and 
holding lotions. In each case, however, the polymer Is applied only to previously styled hair to help maintain 

40 the hair in the previously styled configuration. 

In accordance with the present Invention, a new and improved aqueous hair styling aid composition and 
method have been found wherein a thermoplastic fixative resin or gum. having a glass transition tempera- 
ture (Tg) less than about 120*C. is applied to wet or dry hair, preferably wet, before styling the hair In the 
final, desired configuration and, thereafter, the hair Is heated to a temperature at or above the glass 

45 transition temperature of the polymer, while the hair is in the desired configuration, to soften the polymer, 
e.g., with a thermal appliance, such as a blow dryer or a curling iron. The polymer thereafter is cooled to a 
temperature below its glass transition temperature, e.g.. by removal of the thermal appliance, to harden the 
polymer into a clear, tough polymeric film that provides a durable set retention and protects the hair against 
thermal damage from the thermal appliance without substantially adhering adjacent hairs to each other. This 

50 process of heating and cooling the applied polymer to set the hair can be repeated many times to 
reconfigure the hair without degrading the polymer. Further, the hair can be combed or brushed without 
substantial loss of the Imparted style since adjacent hairs are not glued to each other. Preferably, the 
polymer can be removed by shampooing to prevent buildup of polymer on the hair. 

U.S. Patent Nos. 3,250,682 and 4.635,654 teach hair s tting methods and compositions using fixative 

55 r sins. Neither patent t aches that r p ated setting is possible or how to protect hair from th rmal damag . 
Further, n ither pat nt teach s compositions useful for setting hair and enabling the hair to b combed 
through after setting. 
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SUMMARY OF THE INVENTION 

In bri f. th present invention is dir cted to an aqueous composition that protects th hair from thermal 
damage and doubl s as an excellent hair styling aid, in the form of a hair spray, mouss foam or gel 

5 composition, and method of applying the composition to hair prior to substantial configuring of the hair in its 
final configuration. After application of the composition to wet or dry hair, prior to styling, the hair then is 
dryed. if necessary, and the hair styled: the polymer then is heated to its glass transition temperature, while 
the hair is in the desired configuration; and thereafter the heat is removed from the polymer to cool it to a 
temperature below its glass transition temperature to harden the polymer in the shape complementary to 

10 that of the desired final hair configuration, surrounding individual hairs but without substantially gluing 
adjacent hairs together. 

The composition of the present invention includes a water-soluble or alcohol-soluble thermoplastic 
fixative polymer or resin in an amount of at least about 0.1% up to about 20% by weight of the composition, 
and preferably, in an amount in the range of about 0.5% to less than about 5% by weight of the 

75 composition, e.g. about 4% by weight, particularly about 0.5% to about 3% by weight of the composition. 
The fixative polymer should not be present in an amount that results in adjacent hairs being fixed to each 
other, or combing through after setting would adversely affect the set applied. Generally, a polymer amount 
of 5% by weight or more in the composition will adhere adjacent hairs together, although some resins 
having a Tg less than about 120*C can be applied from a composition that includes the resin in an amount 

20 up to about 10% by weight without adhering adjacent hairs together. 

The compositions and methods of the present invention are surprisingly more effective than application 
of the same resins in the manner of a hair spray coating over configured hair, in a lower polymer 
percentage, since the polymers are thermally softened and, thereafter, hardened when the hair is in a 
desired configuration. The amount of water and/or alcohol carrier(s) in the compositions of the present 

25 invention can be in the range of about 0.5% to about 99.9% by weight of the composition; alcohol may be 
included in an amount of 0% to about 99.9% by weight; and, with aerosol compositions, a liquified 
. propellant gas. such as dimethyl ether, is included in the compositions in an amount of about 5% to about 
50% based on the total weight of the aerosol composition. Preferably, water is the predominant carrier and 
is present in an amount of about 30% to about 99.9% by weight of the composition. Alcohol, preferably is 

30 included In the composition in an amount of about 0.1% to about 30% by weight, and may be the sole 
carrier in an amount up to about 99.9% by weight of the composition. 

Accordingly, one aspect of the present invention is to provide a new and improved hair treating 
composition, and method, that can be applied to the hair from an aqueous composition, prior to substantial 
configuring of the hair in a desired, final configuration, in the form of an aerosol or non-aerosol hair spray, 

35 mousse, foam or gel for preventing thermal damage to the hair, and for thermally retaining a particular 
shape or configuration of the hair. The hair then can be repeatedly combed or brushed since adjacent hairs 
are not substantially adhered together. 

Another aspect of the present invention is to provide an aqueous hair styling aid composition, and 
method, in the form of a hair spray, mousse, foam or gel, that can be heat softened with common hair 

40 treating thermal appliances, such as curling irons, hot crimpers, heated rollers, hair dryers or other types of 
hair heating devices used for drying or shaping of hair; wherein the composition includes a thermoplastic 
polymer capable of hardening rapidly, while the hair is in a desired configuration, upon removal of the 
thermal appliance from the hair, to provide a durable hair set capable of repeated combing without 
substantial set loss. 

45 Another aspect of the present invention is to provide a hair styling aid composition, and method of 
configuring or styling hair, in tfie form of a hair spray, mousse, foam or gel that includes water in an amount 
of about 20% to about 99.9% by weight of the composition; and a thermoplastic polymer having a glass 
transition temperature below about 120*C, that is solubilized or dispersed in the water and/or alcohol carrier 
in an amount of about 0.1% to about 20%, preferably about 0.5% to about 3% by weight of the 

50 composition. 

Still another aspect of the present invention is to provide a new and improved aerosol or non-aerosol 
hair styling aid composition, that includes water in an amount of 0% to about 99.9%, preferably about 30% 
to about 95%, by w ight of th composition; a th rmoplastic fixativ polym r, which may be a polyest r 
containing a plurality of sulfonated aromatic dicarboxylic acid moieties, having a glass transition temperature 
55 less than about 120*C. and pref rably less than about 100*C, that is solubiliz d in th carrier(s) in an 
amount of about 0.1% to about 20% by weight of th composition; alcohol in an amount of 0% to about 
99.9%, preferably about 5% to about 25% by weight; and a propellant gas for aerosol compositions. 

Still another aspect of th pr s nt invention is to provide a n w and improved aerosol or non-aerosol 



5 



1 1 



EP 0 524 346 A1 



hair styling aid composition, that includes a carri r of water in a preferred amount of about 30% to about 
99.9% by weight of the composition; a thermoplastic polymer having a glass transition temperature less 
than about 120'C, and preferably less than about 100*C. that is solubilized in the carrier in an amount of 
about 0.1% to about 20% by weight of the composition; alcohol in an amount of about 0% to about 30%, 
5 preferably about 5% to about 25% by weight alcohol as part of the carrier; a conditioning agent in an 
amount of about 0.1% to about 20% by weight of the composition, and a propellant gas for aerosol 
compositions. 

The above and other aspects and advantages of the present invention will become more apparent from 
the following detailed description of the preferred embodiments, taken in conjunction with the accompany- 
10 ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rgures 1 and 2 are graphs showing stress at break for hair treated with water (control) and hair treated 
75 with a composition containing 2% by weight of a thermoplastic polymer having a Tg less than 120*C 
(GAFFIX-713) with 0-3 heat treatments. 

Figures 3, 4, 5 and 6 are graphs showing moisture regain of hair treated with water (control) and hair 
treated with a composition containing 2% by weight GAFFIX-713 with 0. 1 or 2 heat treatments. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The polymers or resins useful in the aqueous compositions of the present invention are thermoplastic, 
water-soluble or water-dispersible polymers or polymers which can be rendered soluble by partial or 
complete neutralization of pendant sulfonic acid groups that have a glass transition temperature below about 
25 120*0. 

The preferred polymers having a glass transition temperature less than about 120*C include polyvinyl 
pyrrolidone; copolymers of polyvinyl pyrrolidone and vinyl acetate; copolymers of vinyl acetate and crotonic 
acid; tri-polymers of vinyl acetate/crotonic acid/ and vinyl propionate, tri-polymers of 
vinylcaprolactam/polyvinyl pyrrolidone/ and dimethylaminoethylmethacrylate (e.g., GAFFIX VC-713). and the 
30 like. 

The following additional fixative resins also are useful so long as their molecular weights are low enough 
such that their glass transition temperatures (Tg) are below about 120'F: acrylamide copolymers, 
acrylamide/sodium aery late copolymers, aery late/ammonium methacrylate copolymers, aery lic/acry late 
copolymers, adipic acid/dimethylaminohydroxypropyl diethylene-tri amine copolymers, allyl stearate/vinyl 

35 acetate (VA) copolymers, aminoethylacrylate phosphate/acrylate copolymers, ammonium vinyl 
acetate/acrylate copolymers, AMP aery late/diacetoneacry lam ide copolymers, AMPD 
aerylate/diacetoneacrylamide copolymers, butyl esters of ethylene/maleic anhydride, dodecanedioic 
acid/eetearyl alcohol/glycol tri-polymers, methacryloyl ethyl betaine/methacrylate copolymers, 
octylacrylamide/acrylate/butylaminoethyl methacrylate tri-polymers, octylacrylamide/acrylate copolymers, 

40 phthalic anhydride/glycerin/glycidyl decanoate tri-polymers, phthalic/trimellitic/glycol tri-polymers, 
polyacrylamidomethylpropane sulfonic acid, polybutylene terephthalate. polyethylacrylate, polyethylene. 
polyquaternium-1, 2 and 5-15 (CTFA dictionary. Third Edition, 1982). polyvinyl acetate, polyvinyl butyral, 
polyvinyl imidazolinium acetate, polyvinyl methyl ether, PVM/MA copolymers including butyl, ethyl and 
isopropyl esters and salts thereof. PVP/dimethylaminoethylmethacrylate copolymers, PVP/eicosene 

45 copolymers. PVP/ethyl methacrylate/methacrylic acid tri-polymers. PVP/hexadecene copolymers, PVP/vinyl 
acetate/itaconic acid tri-polymers, sodium aery late/vinyl alcohol copolymers, stearylvinyl ether/maleic anhy- 
dride copolymers. vinyl acetate/crotonate copolymers, vinyl acetate/crotonic 
acid/methacryloxybenzophenone-1 copolymers, and vinyl acetate/crotonic acid/vinyl neodecanoate 
copolymers. 

50 Thermoplastic aryl-sulfonated polyesters may also be used. A simplified general structural formula for 
the polymers, which can be rendered soluble by neutralization of pendant sulfonic acid groups, is as 
follows: 



55 HO-G-A-G-A-G-A-G-A-G-A-G-OH 

1 - . I - . 
SO3R* SO3R* 
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A = an aromatic dicarboxylic acid moiety 

G = an aliphatic or cycloaliphatic glycol residue 

OH = hydroxy end groups 

R = H or a monovalent alkaline earth m tal, .g., Na, K, Li, and the like; a primary, secondary or 
tertiary amine, e.g.. methyl amine, dimethyl amine, trimethyl amine: ammonium: or an 
alkanolamlne, such as aminomethyl propanol, isopropanol amine, triisopropanol amine, 
ethanolamine. diethanolamine, triethanolamine, and the like. 
While the structural formula for the polymer shows two SO3R substituents on dicarboxylic acid moieties 
of the polymer backbone, on average, there are five to eight SO3R substituents per polymer molecule. The 
weight average molecular weight of the polymers generally is less than about 200,000 to provide a Tg less 
than about 120*C and, preferably, in the range of about 10,000 to about 50,000. The molecular weight, 
however, is not critical so long as the polymer has a Tg less than about 120* C. 

To achieve the full advantage of these compounds, the fixative resin is an amorphous polyester that is 
dispersed or solubilized directly in water without the assistance of organic solvents, surfactants or amines. 

Suitable polymers are sold by Eastman Corporation under the trademark EASTMAN AQ. EASTMAN AQ 
29, for example, has a glass transition temperature of about 29 *C. The dicarboxylic acid moieties have the 
general structural formula: 



20 




e.g. , phthalic acid (ortho); 
isophthalic acid (meta); and 
terephthalic acid (para). 

Accordingly, the sulfonic acid and metal sulfonates of these dicarboxylic acid moieties have the 
30 following general structural formulas and both sulfonic acid moieties and the neutralized sulfonic acid 
moieties can be included together in the Polymer. 



35 




gi^lfonic acid Metal sulfonate 

The aliphatic or cycloaliphatic glycol residues (G) have the following structural formulas: 



10 
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Polyethylene glycol 



Polypropylene glycol 
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OH 

If 4-Cyclohexane dimethanol 



Ir 3-Cyclopentane dimethanol 



25 where n = 1 to about 200, preferably 1 to about 50. 

Examples of the glycol residues are hexylene glycol; ethylene glycol; propylene glycol; 1 ,3 propane 
diol; 1,4 butane diol; 1.3 butane diol; 2,3 butane diol; 1 ,2-cyclopentane diol; 1 ,2-cyclohexane diol; pinacol; 
polyethylene glycol; polypropylene glycol, and the like. 

Examples of these polymers include EASTMAN AQ Polymers 55, 38 and 29, which are water 

30 dispersible thermoplastic polymers including sodium sulfonate moieties. These are amorphous thermoplas- 
tic polyesters having good substantivity for hair. These polymers easily can be dispersed in warm and cold 
water, making them amenable for formulation and delivery from compressed aerosol and non-aerosol 
sprays, mousses, gels, lotions pomades, and the like, where the main carrier fluid is water, water/ethanol, 
water/isopropanol or water/water-soluble-glycol carrier mixtures. The amount of alcohol and/or glycol carrier 

35 that can be added to the solution depends on the type of resin. The tolerance decreases in the following 
order AQ 55< AQ 38 <AQ 29. For instance, it has been found that aqueous solutions of AQ 55 can tolerate 
no more than about 8% by weight of ethanol, i.e., the polymer starts to precipitate. Where polymer 
precipitation occurs at a higher alcohol and/or glycol percentage, compatible suspending, and/or stabilizing 
agents can be included. AQ 38 and 29 can tolerate up to about 20% ethanol. Since the polymers disperse 

40 in water and do not dissolve, their viscosity never exceeds more than about 100 centipoises at a 20% 
polymer concentration. Therefore, the amount of polymer that can be used in this invention is from about 
0.1% to about 20% by weight. The polyester solutions/dispersions are stable at pH's between 1 and 12, 
although pH's between 3 and 9 are desired in personal care products. A number of adjuvants such as 
surfactants, emollients, silicones, monovalent mineral salts, fragrance, and the like can be added as desired. 

45 The polymers useful in the compositions and methods of the present invention have relatively low glass 
transition temperatures below about 120*F, and preferably in the range of from about 20'C to about 60*0 
and preferably soften and flow at temperatures beiow 100* C. Calorimetric experiments such as differential 
scanning calorimetry (DSC) and thermogravimetric analysis (TG) have shown that the resins do not 
chemically degrade upon repeated heating and cooling. These polymers, therefore, are exceptionally 

60 suitable for thermo-styling of hair with curling irons, hot crimpers, rollers, and any other hot device used in 
hair styling. It has been have found that the temperature of most hot hair styling devices ranges from about 
80*Cto about 120' C. 

Shaping of th hair is best accomplished by first applying th composition to hair while wet. allowing 
the hair to dry, and then physically shaping the hair with the hot styling aid. The heat softens th resin, 
55 thereby allowing it to spread along th hair shaft and acquir th configuration of the hot styling aid. After 
removing the hot styling aid, th resin hardens on individual hair shafts, maintaining the hair in th shape 
imparted by th styling aid. Because of the thermal stability of the resin, the hair can b restyled at any 
time, adding a conv nience which is not possibi to obtain with conventional hair fixativ r sins. Electron 
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Scanning Microscopy (ESM) experiments on hair have shown that the main styling mechanism is not by 
gluing the hair fibers to one another, as is th cas of conventional hair fixatives, but by coating the 
individual hair fibers with a hard, tough, thin film of resin which has enough mechanical strength to maintain 
the shape of the hair fiber. Coating of the hair fibers, and not gluing them together, also has the advantage 

5 of producing a durable hair style that easily can be combed through with less damage to hair. 

Hair relaxation experiments have demonstrated that the shape of the hair (curls, waves, locks, zigzags, 
spirals, and the like) stays put until the hair is shampooed. Washability studies (optical and ESM) have 
shown that the resin can be washed out from the hair by simple shampooing. No resinous build-up was 
seen after five exaggerated cycles: treatment of hair with a 6% by weight solution, drying under air, hot 

10 curling for 30 seconds and washing with a solution of water and 10% sodium lauryl sulfate. 

In accordance with another important feature of the present invention, any ionizable metal salt, wherein 
the metal has a valence of at least II, can be included in the composition, for polymer crosslinking, to 
improve the hair set retention properties of treated human hair. Hair treated with the aqueous thermoplastic 
polymer compositions of the present invention adjusted to a proper pH, e.g., above about 8.0, and 

15 containing an ionizable metal salt exhibits improved hair set retention properties if the metal of the ionizable 
metal salt has a valence of at least II. 

The polymers can be crosslinked with polyvalent metal compounds such as those described in U.S. 
Patent No. 3,850,178, hereby incorporated by reference. Other useful polyvalent metal compounds include 
those described in U.S. Patent No. 4,036,241 , at lower pH's, and this assignee's U.S. Patent No. 4,960,588, 

20 both patents hereby incorporated by reference. A crosslinked polymer composition, preferred in accordance 
with the present invention is obtained by first dispersing the resin in water, adding ammonium hydroxide to 
pH 9.0 or higher, then adding potassium or ammonium alum. The composition then is applied onto the hair 
while wet and the hair is allowed to dry. 

When the fixative resin contains one or more sulfonic acid groups, as the hair dries, some of the 

25 ammonium hydroxide will be lost as ammonia gas, leaving sulfonic acid groups free to react with the alum- 
derived Al 3 atoms, as 




It is preferred to keep the level of surfactants as low as possible (preferably less than about 5% by 
weight and, more preferably, less than about 3% by weight) to avoid overplastization of the resin. 

50 Sandoperm FE or any other water-dispersible silicone, or other conditioning agent, can be added for 
conditioning benefits. Fragrance preferably is added last. This solution is placed in a mousse can or bottle 
and charged with propellant. Propellants can be any of the gases known in the art. It is preferred to use 
dimethyl ether (DME) or bl nds of DME with a hydrocarbon gas. 

With certain of the polymers, it may be advantageous to neutralize some acid, e^, sulfonic acid, 

55 moieties to promote solubility/dispersibility. Neutralization and incr ased solubilization ~are accomplish d 
with on or mor inorganic bases, such as sodium hydroxide, potassium hydroxide, ammonium hydroxid 
and/or ammonium carbonat . Among stable organic bases are th water soluble bases, such as mon- 
oethanolamide (MEA), diethanolamine (DEA), triethanolamide (TEA), 2-methyl-2-amino-1-propanol (AMP), 
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monoamino glycols, and the like, which help solubllize the polymer in water solutions. The level of 
neutralization required for solubilization varies for ach polym r. All of th above-d scribed polym rs 
become solubl or readily disperslble in water and hydroalcoholic solutions at 100% neutralization, and all 
described levels of water and alcohol solutions with or without a propellant. The pH of these solutions 

5 usually ranges from about 9 to about 12. 

In accordance with one important embodiment, the composition of the present invention also includes 
from about 0.1% to about 10%, particularly about 0.5% to about 10%, and preferably from about 1.0% to 
about 5.0%, by weight of a non-volatile silicone compound or other conditioning agent(s), preferably a 
water-insoluble, emulsifiable conditioning agent. The preferred non-volatile silicone compound is a poly- 

10 dimethylsiloxane compound, such as a mixture, in about a 3:1 weight ratio, of a low molecular weight 
polydimethylsiloxane fluid and a higher molecular weight polydimethylsiloxane gum. The non-volatile 
poly dimethylsiloxane compound is added to the composition of the present invention in an amount sufficient 
to provide improved combing and improved feel (softness) to the hair after shampooing. As referred to 
herein, "silicone gums" are those nonfunctional siloxanes having a viscosity of from about 5 to about 

75 600,000 centistokes at 25 'C. The so-called rigid silicones, as described in U.S. Patent No. 4,902,499, 
herein incorporated by reference, having a viscosity above 600,000 centistokes at 20 'C. e.g.. 700,000 
centistokes plus, and a weight average molecular weight of at least about 500,000 also are useful in 
accordance with the present invention. 

Preferred silicone gums include linear and branched polydimethylsiloxanes, of the following general 

20 formula: 



{CH3)3SiO-[Si(CH3)20]n-Si(CH3)3 . 

wherein n is from about 2,000 to about 15,000. preferably from about 2,000 to about 7,000. Silicone gums 
25 useful in compositions of the present invention are available from a variety of commercial sources, including 

General Electric Company and Dow Corning. 

Another particularly suitable conditioning agent that can be included in the composition of the present 

invention is a volatile hydrocarbon, such as a hydrocarbon including from about 10 to about 30 carbon 

atoms, that has sufficient volatility to slowly volatilize from the hair after application of the aerosol or non- 
30 aerosol styling aid composition. The volatile hydrocarbons provide essentially the same benefits as the 

silicone conditioning agents. 

The preferred volatile hydrocarbon compound is an aliphatic hydrocarbon including from about 12 to 

about 24 carbon atoms, and having a boiling point in the range of from about 100'C to about 300 "C. 

Exemplary volatile hydrocarbons are depicted in general structural formula (I), wherein n ranges from 2 to 5, 

35 



I 



CH3 



40 



H3C" (-C-CH2-)oCH-CH3 



CH, 



(I) 



Examples of volatile hydrocarbons useful in the composition of the present invention are the 
46 commercially-available compounds PERMETHYL 99A and PERMETHYL 101 A. corresponding to com- 
pounds of general structure (I) wherein n is 2 and 3, respectively, available from Permethyl Corporation, 
Frazer, PA. A volatile hydrocarbon compound is useful in the composition of the present Invention either 
alone, in combination with another volatile hydrocarbon, or in combination with a volatile silicone. 

Examples of other suitable water-insoluble conditioning agents that can be incorporated into the aerosol 
60 or non-aerosol aqueous styling aid composition of the present invention include the following: polysiloxane 
polyether copolymers; polysiloxane poiydimethyl dimethylammonium acetate copolymers; acetylated lanolin 
alcohols; dimethyl dialkyi ammonium chlorides; modified alkyl dimethyl benzyl ammonium chlorides; lauryl 
dim thylamine oxide; stearyl dimethyl benzyl ammonium chlorld ; a lanolin-deriv d extract of sterol on 
sterol esters; lanolin alcohol concentrate; an isopropyl ester of lanolin fatty acids; sulfur rich amino acid 
65 concentrates; isopropyl est r of lanolin fatty acids; c tyl trimethyl ammonium chlorid ; oleyl dim thyl benzyl 
ammonium chloride; oleyl alcohol; st aryl alcohol; stearamidopropyl dimethyl myristyl acetate; a polyol fatty 
acid; a fatty amido amine; guar hydroxypropyltrimonium chloride; cetyl/stearyl alcohol; quat rnized protein; 
keratin protein derivatives; isostearamidopropyl dimethylamin ; stearamidopropyl dim thylamine; 
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cetrimonium bromide; myrtrimonium bromide; stearalkonium chloride; cetyl trimethyl ammonium chloride; 
laurylpyridlnium chloride; tris(oligoxyethyl)aIkyl ammonium phosphate; an ami no-functional silicone; 
lapyrium chlorid ; isopropyl ester of lanolic acids; ethoxylated (30) castor oil; acetylated lanolin alcohol; fatty 
alcohol fraction of lanolin; a mineral oil and lanolin alcohol mixtur ; high molecular weight esters of lanolin; 

5 quaternlum-75; vinylpyrrolidone/dimethylaminoethylmethacrylate copolymer; alkyi trimethyl ammonium chlo- 
ride; 5 mole ethylene oxide adduct of soya sterol; 10 mole ethylene oxide adduct of soya sterol; stearic acid 
ester of ethoxylated (20 mole) methyl glucoside; sodium salt of polyhydroxycarboxylic acid; hydroxylated 
lanolin; cocamidopropyl dimethylamine lactate; cocamidopropyl dimethylamine propionate; cocamidopropyl 
morpholine lactate; isostearamidopropyl dimethylamine lactate; isostearamidopropyl morpholine lactate; 

70 oleamidopropyl dimethylamine lactate; linoleamidopropyl dimethylamine lactate; stearamidopropyl 
dimethylamine lactate, ethylene glycol monostearate and propylene glycol mixture; stearamidopropyl 
dimethylamine lactate; acetamide MEA; lactamide MEA; stearamide MEA; behenalkonium chloride; behenyl 
trimethyl ammonium methosulfate and cetearyl alcohol mixture; cetearyl alcohol; isostearamidopropalkonium 
chloride; linoleamidopropalkonium chloride; oleyl dimethyl benzyl ammonium chloride; tallow imidazolinum 

75 methosulfate; stearyl trimonium methosulfate; mixed ethoxylated and propoxylated long chain alcohols; 
stearamidopropyl dimethylamine lactate; polonitomine oxide; oleamine oxide; stearamine oxide; soya 
ethyldimonium ethosulfate; hydroxypropyl bislauryl dimonium chloride; hydroxypropyl biscetyl dimonium 
chloride; hydroxypropyl bisstearyl dimonium chloride; hydroxypropyl bisbehenyl dimonium chloride; 
ricinolamidopropyl ethyldimonium ethosulfate; olealkonium chloride; stearalkonium chloride; N-(3- 

20 isostearamidopropyl)-N,N-dimethyl amino glycolate; N-(3-isostearamidopropyl)-N,N dimethyl amino glu- 
conate; hydrolyzed animal keratin; ethyl hydrolyzed animal keratin; stearyl ammonium chloride; 
stearamidoethyl diethylamine; cocamidopropyl dimethylamine; lauramidopropyl dimethylamine; 
oleamidopropyl dimethylamine; palmitamidopropyl dimethylamine; stearamidopropyl dimethylamine lactate; 
avocado oil; sweet almond oil. grape seed oil; jojoba oil; apricot kernel oil; sesame oil; hybrid saff lower oil; 

25 wheat germ oil; cocamidoamine lactate; ricinoleamido amine lactate; stearamido amine lactate; stearamido 
morpholine lactate; isostearamido amine lactate; isostearamido morpholine lactate; wheat germamido 
dimethylamine lactate; behenamidopropyl betaine; ricinoleamidopropyl betaine; wheat germamidopropyl 
dimethylamine oxide; disodium isostearaimido MEA sulfosuccinate; disodium oleamide PEG-2 sulfosuc- 
cinate; disodium oleamide MEA sulfosuccinate; disodium ricinoleyl MEA sulfosuccinate; disodium wheat 

30 germamido MEA sulfosuccinate; disodium wheat germamido PEG-2 sulfosuccinate; stearamido amine; 
stearamido morpholine; isostearamido amine; isostearamido morpholine; polyethylene glycol (400) mono 
and distearates; synthetic calcium silicate; isostearic alkanolamide; ethyl esters of hydrolyzed animal 
protein; blend of cetyl and stearyl alcohols with ethoxylated cetyl or stearyl alcohols; amido amines; 
polyamido amines; palmityl amido betaine; propoxylated (1-20 moles) lanolin alcohols; isostearamido DEA; 

35 and hydrolyzed collagen protein. 

When one or more of these water-insoluble conditioning agents is included in the composition of the 
present invention in an amount of about 0.5% to about 10% by total weight of the composition, the 
composition also can include a suspending agent for the conditioning agent, in an amount of about 0.5% to 
about 10%, by total weight of the composition. The particular suspending agent is not critical and can be 

40 selected from any materials known to suspend water-insoluble liquids in shampoo compositions. Suitable 
suspending agents are for example, distearyl amate (distearyl phthalamtc acid); fatty acid alkanolamides; 
esters of polyols and sugars; polyethylene glycols; the ethoxylated or propoxylated alkylphenols; ethox- 
ylated or propoxylated fatty alcohols; and the condensation products of ethylene oxide with long chain 
amides. These suspending agents, as well as numerous others not cited herein, are well known in the art 

45 and are fully described in the literature, such as McCUTCHEON'S DETERGENTS AND EMULSIFIERS. 
1989 Annual, published by McCutcheon Division, MC Publishing Go. 

A nonionic. water-soluble alkanolamide also is optionally included in an amount of about 0.1% to about 
5% by weight in the styling aid compositions that include a conditioning agent to provide exceptionally 
stable emulsification of water-insoluble conditioning agents and to aid in thickening and foam stability. Other 

50 useful suspending and thickening agents can be used instead of the alkanolamides such as sodium 
alginate; guar gum; xanthan gum; gum arable; cellulose derivatives, such as methylcellulose, hydroxybutyl- 
cellulose, hydroxyethylcellulose, hydroxypropylcellulose and carboxy methylcellulose; and various synthetic 
polym ric thickeners, such as the polyacrylic acid derivatives. SuitabI water-solubl alkanolamides include, 
but are not limited to, those known in the art of hair care formulations, such as cocamide monoethanolamide 

55 (MEA), cocamide di thanolamid (DEA), soyamid DEA, lauramid DEA. oleamide monoisopropylamid 
(MlPA), st aramid MEA. myristamide MEA. lauramide MEA, capramid DEA, ricinoleamid DEA, 
myristamide DEA, stearamide DEA, oleylamid DEA, tallowamide DEA, lauramide MlPA, tallowamlde MEA, 
isostearamido DEA, isostearamid MEA and combinations thereof. Other suitable suspending agents are 
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disclos d in Oh et al. Patent No. 4.704,272; Grot et al. Patent No, 4.741.855: and Bolich, Jr. et al. Patent 
No. 4,788,006, which patents are her by incorporated by reference. 

Emulsion stabilizers also may b us d in compositions of the invention. Useful exampi s include, such 
compounds as polyethylene glycol, silicon copotyols, polyvinyl alcohol, sorbitan monostearate, oIeth-2, 

5 sorbitan monolaurate, and nonionic block copolymers of ethylene oxide and propylene oxide such as those 
marketed by BASF Wyandotte under the name PLURONICS®. When present, such stabilizers comprise 
from about 0.05% to about 1%, preferably from about 0.1% to about 0.8%, by weight of the composition. 

The propel lant gas included in the aerosol forms of the compositions of the present invention can be 
any liquifiable gas conventionally used for aerosol containers. Examples of materials that are suitable for 

10 use as propellants are dimethyl ether, propane, n-butane and isobutane, and other water-soluble hydrocar- 
bon gases used singly or admixed. Water-soluble gases such as dimethyl ether, carbon dioxide, and/or 
nitrous oxide also can be used to obtain aerosols having reduced flammability. 

Other insoluble, compressed gases such as nitrogen, helium and fully-fluorinated oxetanes and 
oxepanes also are useful to deliver the compositions from aerosol containers. Other means of delivery of 

75 the above-described aqueous styling aid compositions include, pump sprayers, all forms of bag-in-can 
devices, in situ carbon dioxide (CO2) generator systems, compressors, and the like. 

The amount of the propellant gas is governed by normal factors well known in the aerosol art. For 
mousses, the level of propellant is generally from about 3% to about 30%, preferably from about 5% to 
about 15% of the total composition. If a propellant such as dimethyl ether utilizes a vapor pressure 

20 suppressant (e.g., trichlorethane or dichloromethane), for weight percentage calculations, the amount of 
suppressant is included as part of the propellant. 

Other common cosmetic additives can be incorporated with the essential ingredients of the present 
invention, as long as the basic properties of the hair setting composition are not adversely affected. These 
additives include, but are not limited to, commonly used fragrances, dyes, opacifiers, pearlescing agents, 

25 foam stabilizers, preservatives, water softening agents, acids, bases, sequestering agents, buffers and the 
like: and will usually be present in weight percentages of less than about 1% each, and about 2% to about 
5% in total. The composition vehicle, or carrier, is predominantly water but organic solvents also can be 
added to the composition in order to solubilize compounds that are not sufficiently soluble in water. Suitable 
solvents include those that do not react with the ionizable metal salt or the amino-containing compound 

30 such as the lower alcohols like ethanol and isopropanol; polyols like glycerol; glycols or glycol ethers, like 2- 
butoxyethanol, ethylene glycol, ethylene glycol monoethyl ether, propylene glycol and diethylene glycol 
monomethyl ether; and mixtures thereof. These solvents can be present in the hair setting composition of 
the present invention in an amount from about 1 % to about 75% by weight and, in particular, from about 
5% to about 50% by weight, relative to the total weight of the composition. 

35 The compositions can be thickened, for example, with sodium alginate, gum arabic, cellulose derivatives 
such as methylcellulose, hydroxyethylcellulose, hydroxypropylmethylcellulose and carboxylmethyl-cellulose, 
and various polymeric thickeners, such as acrylic acid derivaties. It is also possible to use inorganic 
thickeners such as bentonite. These thickeners are preferably present in the amount from about 0.1% to 
atjout 10% by weight and, in particular, from about 0.5% to about 3% by weight, relative to the total weight 

40 of the composition. 

The compositions also can include anionic, amphoteric or nonionic surfactants, to impart cleansing 
and/or emulsifying properties to the composition. Likewise, the compositions can contain other emulsifiers, 
fatty alcohols, humectants, cationic surfactants, such as cetrimonium chloride, and similar materials to 
provide conditioning properties, aesthetic properties and desirable physical properties to the composition. 

45 For example, representative nonionic surfactants include esters or polyols and sugars; the polyethox- 
ylated and/or polypropoxylated alkylphenols; the polyhydroxylated polyethers of fatty alcohols: and the 
condensation products of ethylene oxide with long chain mercaptans or long chain amides. Similarly, 
representative anionic surfactants include alkali metal salts, ammonium salts or salts of amines or amino 
alcohols of fatty acids such as oleic acid; of the sulfates of fatty alcohols, principally Ci2-Cu and Cu fatty 

50 alcohols; of the sulfates of polyethoxylated fatty alcohols; the alkylbenzenesulfonates. such as those wherein 
the alky I moiety has about 12 to about 22 carbon atoms; or the alkylarylpolyether sulfates and mon- 
oglyceride sulfates. All these nonionic and anionic surfactants, as well as numerous others not cited here, 
ar w II known in the art and ar fully described in th literature. 

The optional alcohol employed in the composition is an aliphatic straight or branched chain monohydric 

55 alcohol having 2 to about 4 carbon atoms. Isopropanol and especially ethanol ar pref rred. Th concentra- 
tion of th alcohol in th composition should be less than about 20% by weight, and surprisingly can be as 
low as 0%, preferably 0% to about 10% by weight and more pr ferably about 5% to about 10% by weight. 
Some alcohol, in an amount of about 2% to about 10% by weight provides faster drying of th styling aid 
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after application to the hair. 

Wh re polymer pr cipitatlon occurs at a higher alcohol and/or glycol p rc ntage, compatibi suspend- 
ing stabilizing agents can b included. The polymer solutions/dispersions are stab! at pH's betw en 1 and 
12, although pH's b tw en 3 and 9 ar desired in personal car products. A number of adjuvants such as 
5 surfactants, emollients, silicones, monovalent mineral salts fragrance, can be added as desired. 

EXAMPLE 1 

Clean, dry DeMeo brown hair was treated with the heat equivalent of a professional curling Iron. Half the 
10 tresses did not have polymer on them (water only), the other half of the tresses have a water solution 
containing GAFFIX VC-713 - a tri-polymer of vinylcaprolactam/poly vinyl pyn'olldone/ and 
dimethylaminoethyl methacrylate, in percentages ranging from 0.5% to 5% by weight in water. The heat 
was applied 0 times, 1 , 2, and 3 times. The tresses are dried and equilibrated and the tensile strength was 
measured. The results that were obtained follow in Tables I and II and are also depicted in the graphs of 
75 Figures 1-6. 

Dry Tensile Test 

The hair tresses were allowed to equilibrate at 30% relative humidity (RH), 21 "C. The fibers were cut, 
20 weighed and mounted on self-adhesive paper tabs. The Dry Tensile Test was conducted at 60% RH, 25 'C 
using the Instron Universal Testing Instrument, Series IX Software and computer. Briefly, an equilibrated test 
fiber was clamped between two grips and stretched at a uniform speed until it ruptured. 

The tensile strength was assessed by the stress at break which is the load at rupture divided by the 
denier of the fiber (gram/denier). This parameter was measured in order to eliminate the effect of 
25 differences In fiber size. A higher value means better tensile strength than a lower value. 

Moisture Regain Test 

The conventional moisture regain (the weight of water present as a percentage of the dry weight of hair) 
30 Is based on the fact that the hair Is hygroscopic and adsorbs water vapor from a moist atmosphere and 
loses It In a dry atmosphere. Because past work has shown that hot curling iron-treated hair usually requires 
a higher relative humidity to attain a given moisture regain, the moisture regain of polymer coated-thermal 
treated hair was compared with that of the control (water)-thermal treated hair. 

For the Moisture Regain Test, the standard tresses of control-no heat, 2X control-heat, polymer coated- 
35 no heat and 2X polymer coated-heat were cut off from the tab and placed In weighing bottles. The hair 
samples were equilibrated overnight at the lowest RH, weighed, then equilibrated overnight at the next 
higher RH. weighed, equilibrated overnight at the next higher higher RH. The process was then reversed so 
that the hair samples were exposed to lower and lower relative humidities and then dried In a vacuum oven 
(95-100* C) for one hour to obtain the dry weight of the hair. 

40 

Results and Discussion 

The test data were statistically analyzed using the Paired Differences T-Test and the findings are 
summarized in Tables l-ll and graphically presented in Rgures 3-6. All tresses were treated as uniformly as 
45 possible to avoid sample variability. 

Briefly the results showed the following: 

- In general, the dry tensile strength decreased with repeated thermal treatments. 

- Pre-treatment with a thermoplastic polymer having a glass transition temperature less than 120*C 
retarded the heat damage-marginally in IX thermal treated hair and significantly in 2X and 3X 

so thermal treated hair. 

- Moisture regain was lower in polymer coated-thermal treated hair than in the control-thermal treated 
hair. 

The low r molstur regain results were not surprising in vi w of the fact that this t st is known to b 
susceptible to pH, temperature, chemical treatment, and the lik . This was. more or less, confirmed by the 
55 polym r coat d-no heat sampi s which had be n pr -tr at d with th polymer composition having a pH of 
4.5-5.0 and showed marginal to significantly lower values than the control-no heat samples. If such hair 
r gains less moisture. It should r tain s t curls better than hair without the polymer composition treatm nt. 
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TABLE I 



Stress at Break (grams/denier) 
Water vs . Polymer 



10 


# Of Heat 


Water 




2% Vinylcaprolactam/PVP/DMAKMA 


Applications 


Mean 




Std. 


Dev. 


Mean 




Std. Dev. 




0 times 


1.6380 


± 


0. 


1460 


1.8120 




0.1857 




1 time 


1.3923 


± 


0. 


3591 


1.5200 


+ 


0.4122 


15 


2 times 


1.0880 




0. 


2006 


1.4100 


i 


0.3220 




3 times 


0.8243 


± 


0. 


3230 


1.0690 


± 


0.3268 



35 



40 



45 



The statistical comparison using t-test showed that: 
20 At 0 times heat, the water and polymer were not significantly different. 

At 1 time heat, the polymer was significantly better than water at the 80% confidence level. 

At 2 and 3 times heat, the polymer was significantly better than water at the 90% confidence level. 



25 



30 



50 



55 
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Other standard hair tresses were shampooed with the Attractions Revitalizing Shampoo (1828-49B). The 
55 tresses were then tr ated as follows: 

1. Some of the wet tresses wer tr ated with 0.5 miytr ss of the r spective polymer-coating composition 
and aft r working the composition into th hair well, the tresses were allowed to air dry. 

2. Both th control (water treated) and polym r-treated tresses were given a 15 sec. hot flat iron 
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tr atm nt (G.E. Travel Iron No. 12F38) on each side (front and back) of the tress. 

3. All of the tress s wer shampooed with th Attractions R vitalizing Shampoo. 

4. Th on -time polymer-treated tresses r ceived another series of treatment (steps 1 and 2) while the 
control tresses wer just h at-treated (step 2). 

5 

Dry Tensile Test 

The hair tresses were removed and allowed to equilibrate at 30% RH, 22 'C. The fibers were cut, 
weighed and mounted on self-adhesive paper tabs. The Dry Tensile Test was conducted at 60% RH. 25 
10 using the Instron Universal Testing Instrument, Series IX Software and computer. 

The parameter that was measured for assessing the tensile strength was the stress at break (load at 
rupture divided by the denier of the fiber). The strain at break was also measured to determine whether 
there was any change In the elongation of the fibers at break. 

15 Results and Discussion 

Test data were statistically analyzed using an ANOVA and post hoc Tukey test. The findings are 
summarized in Table III. 

Briefly, the results showed the following: 
20 - All polymer treated hair (0.5-5% by weight polymer-containing compositions) had better dry tensile 
strength than the control hair (water treated-heat treated). 
- Hair treated with the polymer compositions containing 5% by weight polymer demonstrated better 
tensile strength than those treated with compositions containing 0.5-3% by weight polymer. All 
polymer-treated tresses had similar tensile values. 
25 - All polymer treated hair tresses elongated significantly more than the untreated control before 
rupturing. 

The hair treated with the polymer composition containing 5% resin was significantly stronger than the 
other resin treated hair. One possible explanation may be the result of moisture regain. Tensile values 
decrease with increased moisture in hair, and visa versa. The 5% resin treated hair was considerably stiffer 
30 than the other resin treated hair and the polymer may have been applied in an amount sufficient to 
essentially seal the hair folicles against moisture uptake so that the hair regained less moisture at 60% RH. 
allowing it to behave like drier hair. 

TABLE 111 



40 



DRY TENSILE PROPERTIES OF CONTROL AND POLYMER-TREATED HAIR 




Break Stress (gram/denier) 


Break Strain (%) 


Mean* 


S.D. 


Mean* 


S.D. 


Untreated-No Heat 


1.8376 


0.1460 


47.8010 


2.7866 


2X 5% Resin-2X Heat 


1.6213 


0.1287 


44.4955 


3.7146 


2X .5% Resin-2X Heat 


1.5879 


0.1950 


41.9382 


6.6035 


2X1% Resin-2X Heat 


1.5596 


0.1188 


42.7454 


3.0740 


2X 2% Resin-2X Heat 


1.4405 


0.2713 


40.8302 


9.5138 


2X 3% Resin-2X Heat 


1.4199 


0.2170 


40.6379 


6.0358 


2X Water-2X Heat 


1.0475 


0.1658 


33.2770 


8.0102 



* 30 samples tested 



A composition similar to the water solution of GAFFIX VC-713, but containing 22% alcohol, also was 
tested, at 2% and 3% by weight resin level, in comparison to a commercial product PAUL MITCHELL SEAL 
AND SHINE™ adv rtised to protect hair against xcessiv h at damag wh n appli d to th hair prior to 
sculpting and blow drying, that contains sodium polystyrene sulfonate, having a Tg > 120'C. Also tested 
66 side-by-side was the composition containing 2% by w ight r sin containing no alcohol, and a water control. 
The br ak str ss r suits of Table IV show a substantial advantage in th composition of the pr sent 
invention including a fixativ polymer having a Tg less than about 120* C. 



16 



EP 0 524 346 A1 



TABLE IV 



DRY TENSILE PROPERTY OF 
NORMAL, BROWN HAIR 



10 



15 



Mean* 



3V Resin 22% Ethanol-2X Heat 

2V Resin (No Alcohol) -2X Heat 

Paul Mitchell Shine and Seal 
2X Heat - Tg > 120 

Water Control Untreated 
Heated 2X 



1.6581 
1.4681 
1.1733 

1.0595 



S.D. 



(RELATIVE HUMIDITY 60% AND TEMPERATURE 25 *C) 



0.01134 
0.02292 
0.0350 

0.0449 



20 



♦ n • 30 fibers 



Formulation Examples: 

25 

EXAMPLE 2 



Hair Spray Concentrate: 



Item 


Compound 


% Wt. 


1 


AQ 55 or 38 Polyester 


0.1 to 6% 


2 


Ethanol 


0 to 8% 


3 


Glycerine 


Oto1% 


4 


Fragrance 


as needed 


5 


Solubllizer 


as needed 


6 


Water 


Q.S. to 100% 



40 In formulating the composition of Example 1 , item 1 Is added first to water (item 6) until well dispersed. 

To this dispersion add items 2, 3, 4 and 5 in any order. 

The above concentrate can be dispersed, as such, from a pump sprayer. It also can be used to make 

an aerosol product by charging the composition into an aerosol container with a suitable propellant gas. 

such as a hydrocarbon, a halogenated hydrocarbon, dimethyl ether (DME). carbon dioxide, compressed 
45 nitrogen, air, and the like. The preferred gas is DME in a composition (concentrate) to propellant ratio of 

about 65/35. 



EXAMPLE 3 



50 



66 
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5 



Mousse: 


It m 


Compound 


% Wt. 


1 


AQ 55 or 38 


0.1 to 6% 


2 


Anionic Surfactant 


0 to 0.5% 


3 


Nonionic Surfactant 


0 to 0.5% 


4 


Sandoperm FE 


0 to 2% 


5 


Fragrance 


as needed 


6 


Propellant 


5 to 15% 


7 


Water 


Q.S. to 100% 



In formulating the composition of Example 2, item 1 is first dispersed in Water (item 7). The surfactants 
(items 2 and 3) are added and dispersed well. It is preferred to keep the level of surfactants as low as 

75 possible (preferably less than about 5% by weight and, more preferably, less than about 3% by weight) to 
avoid overplastization of the resin. Sandoperm FE or any other water-dispersible silicone, or other 
conditioning agent, can be added for conditioning benefits. Fragrance preferably is added last, this solution 
is placed in a mousse can or bottle and charged with propellant. Propellants can be any of the gases known 
in the art. It is preferred to use the hydrocarbon gases, e.g., isobutane or a blend of 89% by weight 

20 isobutane with 16% by weight propane, e.g. with DME: Hydrocarbon = 3 to 7% by weight, and DME = 7 
to 3% by weight. The mousse foam of this formulation is excellent, rich, creamy and stable and easy to 
apply to hair. 

In formulating aqueous or hydroalcoholic aerosol formulations, the long term stability of the aerosol 
composition is important because it affects its shelf life, product performance and delivery. Unstable 

25 solutions will usually exhibit some kind of phase separation such as two livid phase formation or 
precipitation. Table I shows the results of stability tests at 110* F of Eastman AQ 30 aerosol solutions using 
various buffers, polymers, salts, surfactants, oils, acids, chelating and suspending agents. Most stable 
aerosol solutions that use DME as the propellant are prepared when the pH of the solution is maintained 
below about 5, preferably below about 3.5. This can be accomplished, for example, by adding any mineral 

30 or water-soluble carboxylic acid. 
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TABLE V 



Stability of 6V AQ 38 Aerosol Solutions 
C/P « 70/30. Prop llant = DME 





Tnoradiant 


Concentration % vt . 


obs. at 110**P 


pH 




6% AD3a/can 


n/a 


ppte/week 


6.805 


10 


AMP 


1 droD 


ppts/24hrs 


10.05 




Lavender Oil 


0.1 


ppts/24hrs 


6.70 




Oieth- 2 


0 . 1 


pptB/24hr8 


6.75 


15 


T.av /m ^t-h - 2 


0 . I/O . 1 


ppts /24hrB 


6.74 






0 .5 


ppts/24hrs 


6.82 




Di hii^vlene Glvcol 


0 . 5 


ppts/24hr8 


6.73 


20 


Finaolv TN 


0 . 5 


pptB/24hrB 


6.82 




^ X W ^ X \m ^%S^ X u 


0 . 5 


StaO^le 


2.72 








ppts /24hrs 


7.11 


25 




0 . 5 


ppt8/24hrB 


6.79 




Tetrasodium BDTA 


0.2 


pptB/36hrs 


6.87 




Citric Acid 


0.01 


Stable 


4.47 


30 


Na Acetate 


0.5 


ppts/36hr8 


6.49 




An^hooter 


4 


ppts/36hrB 


9.10 




Anphomer/NaCl 


3/0.5 


Stable/Hazy Mixture 


8.42 


35 


NaCl/Citric Acid 


0.3/Q.A. to pH 4.9 


Stable Hazy 


4.95 




Citric Acid 


Q.A. to pH 4.8 


Stable 


4.80 




AQ38/NaCl 


0.25 


Stable/Hazy 


6.10 


40 


AQ38/NaCl 


1 


White milky Boln 
with ppts 


6.10 



ppts « precipitate 

AMP = 2 amino - 2 methyl - 1 propanol 

46 Pinsolv ™ a is trade name by Pinetex for C 12-13 alcohols benzoate 

Buffer 7 = is potassium phosphate monobasic sodium hydroxide buffer 
Aii5>hcmer « is trade name by National Starch for octyl 

acrylamide/acrylates/butyl amino ethyl methacrylate 

copolymer 
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Claims 



1. A composition for protecting hair from thermal damage comprising about 30% to about 99.9% by 
55 w ight of a carrier select d from th group consisting of water, alcohol and combinations th r of and 
about 0.1% to about 20% by weight of a th rmoplastic polymer fixativ r sin having a glass transition 
temperatur less than about 1 20 • C. 
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2. Th composition of Claim 1 . wlierein the thermoplastic polymer is present in the composition In an 
amount of about 0.1% to about 10% pr ferably in an amount of about 0.1% to about 5.0%, in particular 
in an amount of about 0.1% to about 2.0% by weight of the composition. 

5 3. The composition of Claims 1 or 2, wherein the polymer includes a plurality of carboxylic acid moieties. 

4. The composition of anyone of Claims 1 to 3, wherein the polymer has a weight average molecular 
weight less than about 200,000. 

10 5. The composition of anyone of Claims 1 to 4, wherein the polymer has a Tg in the range of about 20* C 
to about 80 'C. 

6. The composition of anyone of Claims 1 to 5, further including about 1% to about 10% by weight of a 
hair conditioning agent and/or a surfactant in an amount less than about 5% preferably in an amount 

75 less than about 3% by weight of the composition. 

7. The composition of anyone of Claims 1 to 6, wherein the thermoplastic polymer is a polyester resin 
containing a plurality of sulfonated aryl moieties. 

20 8. The composition of anyone of Claims 1 to 7, further including an ionizable metal salt, wherein the metal 
of the metal salt has a valence of at least II, in an amount sufficient to crosslink the sulfonate or 
carboxylic acid moieties of a plurality of polymer molecules. 
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9. A method of protecting hair against thermal damage and thermally setting hair comprising: 

applying the composition of anyone of Claims 1 to 9 to the hair, prior to substantially configuring the 
hair in a desired configuration in an amount low enough to prevent the resin from substantially adhering 
adjacent hairs together; 

30 thereafter heating the hair with a thermal appliance to heat the applied polymer to its glass transition 
temperature (Tg); 

configuring the hair while the polymer is at a temperature of at least Tg; 

35 cooling the polymer to a temperature below Tg while the hair is in the desired configuration to harden 
the polymer in a shape complementary to the shape of the configured hair; and thereafter 

combing the hair without substantial loss of set retention. 

40 10. The method of Claim 9. wherein the polymer-treated hair is heated to a temperature in the range of 
about 80 ' C to about 1 20 • C. 

11, The method of Claims 9 or 10. wherein the polymer composition includes a propellant gas and the 
polymer is applied to the hair from an aerosol spray. 

45 
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STRESS RT BRERK 

WITH 22 TRI-POLYMER VS WATER 
AT VARIOUS APPLICATIONS OF HEAT 



■ 2Z TRI-POLYMER S WflTER 




NUMBER OF HEAT flPPLICflTIONS 



Fie. 1 
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MOISTURE REGAIN OF HAIR WITHOUT PRODUCT TREATMENT 




0 10 20 30 40 50 60 70 80 90 

FIG. 3 RELATIVE HUMIDITY i%) 



MOISTURE REGAIN OF THERMAL CUTTING TREATED HAIR 




FIG. 5 RELATIVE HUMIDITY {%) 
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MOISTURE REGAIN OF HAIR WITHOUT PRODUCT TREATMENT 



□NO PR0DUCT-2X HEAT— ADSORP 




FIG. 4 RELATIVE HUMIDITY (%) 



MOISTURE REGAIN OF THERMAL CUTTING TREATED HAIR 
^THERMAL CUT.-2x HEAT— ADSORP 




FIG. 6 RELATIVE HUMIDITY {%) 
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